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Abstract	  
High	   surface	   area	   graphene	   sheets	   were	   obtained	   by	   electrochemical	  
exfoliation	   of	   graphite	   in	   an	   acid	   media	   under	   constant	   potential	  
conditions.	   Filtration	   and	   centrifugation	   processes	   played	   an	   important	  
role	   in	   order	   to	   obtain	   stable	   dispersions	   in	   water.	   Scanning	   electron	  
microscopy	   (SEM)	   and	   transmission	   electron	   microscopy	   (TEM)	   imaging	  
revealed	  highly	  exfoliated	  crystalline	  samples	  of	  ~5µm.	  Raman,	  FT-­‐IR	  and	  
XPS	   spectroscopy	   further	   confirmed	   the	   high	   quality	   of	   the	   exfoliated	  
material.	  The	  electrochemically	  exfoliated	  graphene	  (EEG)	  was	  decorated	  
with	  gold	  nanoparticles	  (AuNP)	  using	  sodium	  cholate	  (SC)	  as	  a	  buffer	  layer.	  
This	   approach	   allowed	   for	   a	   non-­‐covalent	   functionalization	   without	  
altering	   the	   desirable	   electronic	   properties	   of	   the	   EEG.	   The	   AuNP-­‐EEG	  
samples	  were	  characterized	  with	  various	  techniques	  including	  absorbance	  
and	   fluorescence	   spectroscopy.	   These	   samples	   displayed	   a	   fluorescence	  
signal	  using	  an	  excitation	  wavelength	  of	  290nm.	  The	  calculated	  quantum	  
yield	   (Ф)	   for	   these	   samples	   was	   40.04%,	   a	   high	   efficiency	   compared	   to	  
previous	  studies	  using	  solution	  processable	  graphene.	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1. Introduction	  
Liquid	  phase	  exfoliation	  of	  graphite	  to	  produce	  graphene	  [1-­‐3]	  has	  shown	  
to	  be	  an	  efficient	  processing	  method	  when	  designing	  new	  applications	  [4].	  
In	  recent	  years,	  electrochemical	  exfoliation	  has	  proved	  to	  be	  an	  adequate	  
method	   to	   produce	   a	   high	   quality	   graphene	   solution,	   useful	   for	  
applications	   such	   as	   lithium	   storage	   [5],	   supercapacitors	   [6],	  
photodetectors	  [7]	  and	  transparent	  electrodes	  [8].	  The	  produced	  samples	  
are	  a	   few	   layers	  thick	   (~3	   layers),	  with	   large	  crystal	  sizes	   (a	   few	  microns)	  
and	  with	  high	  electrical	  conductivity	  [8].	  
	  
Fluorescent	   biosensors	   could	   take	   advantage	   of	   the	   high	  
electrical/thermal	   conductivity	   of	   graphene	   as	   well	   as	   its	   chemical	   and	  
mechanical	   stability	   [9,	   10].	   One	   of	   the	   greatest	   challenges	   in	   order	   to	  
design	   graphene-­‐based	   biosensors	   is	   the	   ability	   to	   guarantee	   a	   stable	  
binding	  between	  the	  surface	  and	  the	  fluorescent	  molecule	  [11].	  Previous	  
reports	   on	   graphene-­‐based	   biosensors	   have	   used	   strong	   oxidation	  
methods	   in	   order	   to	   locate	   functional	   groups	   on	   the	   surface	   that	   allow	  
decoration	   with	   a	   variety	   of	   nanoparticles	   [12].	   Other	   studies	   that	  
measured	   quantum	   yield	   of	   decorated	   graphene	   (not	   graphene	   oxide)	  
reported	   values	   of	   10.54%,	   0.93%	   and	   42.66%	   for	   three	   dyed	  molecules	  
respectively:	  Rhodamine	  B,	  eosin	  and	  methylene	  blue	  deposited	  on	  non-­‐
covalently	   functionalized	   graphene	   sheets	   [13].	   Further	   reports	   have	  
optically	   characterized	   dye-­‐tagged	   DNA	   molecules	   on	   graphene	   for	  
biomolecular	   detection	   [10].	   Additionally,	   the	   interaction	   of	   graphene	  
with	   metal	   surfaces	   has	   also	   proved	   to	   enhance	   the	   sensitivity	   of	  
graphene	  biosensors	  due	  to	  surface	  plasmon	  resonance	  effects	  [14,	  15].	  
In	  this	  work,	  a	  green	  electrochemical	  potentiostatic	  method	  in	  acid	  media	  
is	  used	  in	  order	  to	  exfoliate	  graphite	  to	  obtain	  large	  area	  graphene	  sheets.	  
The	   produced	   graphene	   is	   readily	   dispersible	   in	   water,	   which	   is	  
advantageous	   for	   device	   processing.	   A	   non-­‐covalent	   functionalization	  
process	   of	   EEG	  with	   AuNP	  was	   designed	   using	   SC	   as	   a	   buffer	   layer.	   The	  
optical	   properties	   of	   the	   produced	   composites	   were	   studied	   using	  
absorbance	   and	   fluorescence	   spectroscopy.	   These	   studies	   allowed	   the	  
	  
	  
calculation	   of	   the	   quantum	   yield,	   which	   provides	   the	   fluorescence	  
quenching	  efficiency.	  	  
2. Experimental	  
For	  the	  experiment,	  graphite	  foil	  (99.8%)	  was	  purchased	  from	  Alfa	  Aesar;	  
fume	   sulfuric	   acid,	   isopropanol	   and	   SC,	   from	   Sigma-­‐Aldrich;	   aqueous	  
dispersion	   of	   AuNP,	   with	   a	   diameter	   of	   14nm,	   from	   US	   Nanomaterials	  
Research.	   For	   the	   electrochemical	   exfoliation	   process,	   a	   lab-­‐built	  
potentiostat	  was	  designed	  to	  allow	  output	  voltages	  of	  up	  to	  +10V.	  For	  our	  
purpose,	  a	  Pt	  wire	  was	  used	  as	  counter	  electrode	  and	  a	  1cm	  x	  3cm	  piece	  
of	   carbon	   foil	   played	   the	   role	   of	   working	   electrode	   (supporting	  
information	  Fig.	  S1).	  	  
Sulfuric	   acid	   at	   0.1M	   was	   used	   to	   carry	   out	   the	   exfoliation	   process	   as	  
previously	   reported	   by	   Muellen	   and	   coworkers[8].	   An	   effective	   area	   of	  
2cm2	   of	   the	   carbon	   foil	   was	   in	   direct	   contact	   with	   the	   acid	   media.	   The	  
electrochemical	   reaction	   was	   carried	   out	   at	   +8V.	   During	   the	   reaction,	  
graphite	   flakes	   peeled	   off	   from	   the	   working	   electrode	   until	   the	   area	   in	  
contact	  with	  the	  acid	  media	  was	  consumed	  (~25	  min).	  
The	   carbon	   material	   left	   in	   the	   acid	   media	   after	   the	   electrochemical	  
reaction	   was	   rinsed	   and	   redispersed	   in	   40ml	   of	   mili-­‐Q	   water,	   using	   an	  
ultrasonic	   bath	   (Branson®	   5800)	   for	   90	   minutes.	   Then,	   a	   centrifugation	  
process	   (at	   3500rpm	   for	   30	   minutes)	   was	   used	   to	   remove	   the	   non-­‐
exfoliated	   graphite	   material.	   Afterwards,	   the	   supernatant	   was	  
ultrasonicated	   during	   90	  minutes	   to	   assure	   a	   uniform	   dispersion	   of	   the	  
produced	   graphene.	   The	   concentration	   of	   the	   dispersion	  was	   quantified	  
via	   optical	   absorption	   spectroscopy,	   performed	   using	   an	   Analytik	   Jena	  
Specord®50	  UV-­‐vis-­‐NIR	  spectrometer.	  	  
Surfactant	   molecules	   have	   been	   used	   extensively	   to	   de-­‐bundle	   carbon	  
nanotubes	  [16]	  and	  to	  exfoliate	  graphite	  to	  produce	  graphene	  [17].	  In	  this	  
case,	  SC	  was	  used	  not	  only	  to	  stabilize	  graphene	  in	  water,	  but	  also	  to	  non-­‐
covalently	  functionalize	  the	  surface	  of	  the	  EEG.	  A	  2%	  wt	  of	  SC	  was	  added	  
to	   the	  EEG-­‐water	  dispersion	   followed	  by	  120	  minutes	  of	  ultrasonication.	  
Subsequently,	   AuNP	   suspensions	   of	   1.70mM,	   1.02mM,	   0.72mM	   and	  
0.56mM	  concentration	  were	  added	  to	  the	  EEG/SC	  heterostructure.	  
	  
	  
3. Results	  
The	   structural	   characterization	   of	   the	   EEG	   was	   performed	   using	  
microscopic	   and	   spectroscopic	   techniques.	   Figure	   1a	   shows	   a	  
representative	  SEM	  image	  of	  EEG	  sheets	  deposited	  on	  a	  SiO2/Si	  substrate	  
by	   spray	   coating.	   Even	   though	   the	   EEG	   can	   be	   produced	   from	   various	  
graphite	   sources	   [18],	  we	   found	   that	   the	  quality	  of	   the	   starting	  material	  
has	  a	  direct	  effect	  on	  the	  size	  and	  crystallinity	  of	  the	  exfoliated	  graphene.	  
Figure	  1b	  corresponds	  to	  a	  representative	  TEM	  image	  of	  EEG	  sheets	  on	  a	  
holey	  carbon	  TEM	  grid.	  In	  both	  images,	  it	  is	  clear	  that	  the	  EEG	  is	  composed	  
by	  a	  few	  layers	  of	  graphene	  with	  incommensurate	  stacking,	  as	  confirmed	  
by	   Selected	   Area	   Electron	   Diffraction	   (SAED).	   These	   results	   are	   further	  
corroborated	  by	  AFM	  imaging	  (supporting	  information	  Fig.	  S3).	  	  
Raman	  spectroscopy	  of	   the	  EEG	  revealed	  a	   sharp	  D	  peak,	  at	  1349.6cm-­‐1,	  
which	  is	  characteristic	  of	  edges	  or	  vacancies	  on	  the	  graphene	  surface	  [8].	  
The	  intensity	  of	  the	  G	  peak,	  at	  1583.9	  cm-­‐1,	  remains	  high	  when	  compared	  
to	   the	   2D	   peak,	   confirming	   that	   the	   flakes	   are	   a	   few	   layers	   thick.	   The	  
second	  order	  Raman	  peaks	   at	   around	  2441cm-­‐1;	   2936cm-­‐1	   and	  3239cm-­‐1	  
are	  specific	  bands	  that	  appear	  for	  disordered	  carbon	  and	  nanostructured	  
carbons	   [19].	   The	   peak	   at	   around	   2707cm-­‐1	   (2D	   peak)	   represents	   the	  
second	  harmonic	   of	   the	  D	  peak,	  which	   is	   symmetric	   and	   very	   intense	   in	  
comparison	   to	   the	   first-­‐order	   G	   peak	   in	   single	   layer	   graphene	   or	   thinly	  
stacked	  graphitic	  structures	  [20].	  On	  the	  other	  hand,	  the	  2D	  peak	  in	  pure	  
crystalline	   graphite	   is	   typically	   less	   intense	   and	   splits	   in	   two	   separate	  
peaks.	  The	  ratio	  between	  the	  intensity	  of	  D	  and	  G	  peaks	  is	  often	  used	  to	  
quantify	  the	  amount	  of	  defects	  in	  graphitic	  materials	  and	  can	  be	  related	  to	  
the	   average	   distance	   between	   defects	   using	   the	   Tuinstra-­‐Koening	   ratio	  
[21].	   This	   ratio	  was	   found	   to	  be	   ID/IG=0.78	   in	  our	   samples,	   leading	   to	   an	  
average	  inter-­‐defect	  distance	  of	  ~27nm.	  
The	  appearance	  of	  a	  shoulder	  at	  the	  2D	  peak	  indicates	  a	  small	  level	  of	  AB	  
stacking	   within	   the	   exfoliated	  material	   [22].	   The	   position	   of	   the	   D	   peak	  
depends	  on	   the	  energy	  of	   the	   laser,	   but	   contrary	   to	   the	  2D	  band,	   the	  D	  
peak	  does	  not	  depend	  on	  the	  number	  of	  layers;	  it	  depends	  on	  the	  amount	  
of	  disorder.	  The	  lateral	  size	  of	  the	  graphene	  flake	  is	  about	  5µm;	  given	  that	  
	  
	  
the	   samples	   were	   deposited	   on	   SiO2/Si	   substrates,	   we	   attribute	   the	  
presence	  of	  the	  D	  peak	  to	  wrinkles,	  edges	  or	  vacancies	  on	  the	  basal	  plane.	  
	  
Fig.	  1.	  a)	  SEM	  image	  of	  EEG	  sheets	  on	  a	  SiO2/Si	  substrate.	  b)	  TEM	  image	  of	  EEG	  and	  SAED	  
analysis.	  c)	  Carbon	  foil	  (CF)	  and	  EEG	  Raman	  spectra	  (Laser	  532nm).	  d)	  XPS	  spectra	  of	  the	  EEG	  
C1s	  and	  O1s	  spin-­‐orbital	  couplings.	  
	  
High	   resolution	   XPS	   measurements	   were	   carried	   out	   in	   a	   HV	   chamber,	  
equipped	   with	   a	   focused	   monochromatized	   X-­‐ray	   source	  
(AlKα=1486.6eV),	  to	  probe	  the	  surface	  composition	  and	  chemical	  state	  of	  
an	   EEG	   sample,	   which	   was	   deposited	   on	   a	   SiO2/Si	   substrate	   by	   spray	  
coating.	  Figure	  1d	   shows	   that	   less	   than	  2.3%	  of	  oxygen	   is	  present	   in	   the	  
exfoliated	  graphene	  after	  the	  electrochemical	  process.	  The	  resolved	  fitted	  
XPS	   spectra	   of	   the	   C	   1s	   signal	   (284.0eV)	   shows	   the	   spin-­‐orbital	   coupling	  
from	   C-­‐C,	   being	   this	   signal	   close	   to	   100%.	   Furthermore,	   a	   residual	  
contribution	  of	  C-­‐OH	  (286.4	  eV)	  and	  C(O)-­‐O	  (289.1	  eV)	   functional	  groups	  
was	   observed	   in	   the	   graphene	   structure	   [23-­‐26].	   These	   signals	   can	   be	  
attributed	   to	   residual	   acid	   at	   the	   EEG	   edges	   and	   gas	   absorption	   on	   the	  
	  
	  
sample.	   The	   absence	   of	   a	   strong	   C=O	   peak,	   at	   1717cm-­‐1,	   in	   the	   XPS	   is	  
consistent	  with	  our	  FTIR	  analysis	  (Supporting	  information	  Fig.	  S4).	  
	  
Non-­‐Covalent	  Graphene	  decoration	  
In	  order	  to	  study	  the	  success	  of	  the	  decoration	  process,	  the	  morphology	  of	  
the	   samples	   was	   studied	   using	   electron	   microscopy.	   The	   TEM	   image	   in	  
Figure	  2a	  is	  representative	  of	  an	  AuNP-­‐EEG	  flake,	  while	  the	  TEM	  image	  in	  
Figure	  2b	  shows	  an	   individual	  AuNP	  at	  higher	  magnification.	  Meanwhile,	  
Figure	  2c	  is	  a	  representative	  SEM	  image	  of	  the	  decorated	  samples.	  Lastly,	  
the	  Scanning	  TEM	  (STEM)	  image	  in	  Figure	  2d	  clearly	  shows	  the	  distribution	  
of	   the	   AuNp	   on	   an	   EEG	   flake.	   Since	   the	   Au	   atoms	   scatter	   the	   beam	  
electrons	  more	  strongly	  than	  carbon	  atoms	  do,	  they	  appear	  much	  brighter	  
in	   the	   STEM	   image.	   EDX	   analysis	   corroborates	   the	   presence	   of	   AuNP	  on	  
the	   EEG	   surface	   (Supporting	   information	   Fig.	   S5).	   It	   is	   also	   important	   to	  
note	   that	   the	   AuNP	   observed	   in	   the	   TEM	   are	   all	   single	   particles,	   not	  
clusters.	  This	  type	  of	  non-­‐covalent	  decoration	  of	  graphene	  is	  mediated	  by	  
the	   electrostatic	   interaction	   with	   the	   SC	   molecule.	   Preliminary	   results	  
proved	  that	  simple	  addition	  of	  AuNP	  to	  EEG	  dispersions	  does	  not	  produce	  
AuNP	  decorated	  graphene.	  	  
	  
	  
	  
Fig.	  2.	  a)	  TEM	  image	  of	  a	  AuNP-­‐EEG	  heterostructure.	  b)	  AuNP	  on	  the	  surface	  of	  EEG.	  c)	  SEM	  
image	  of	  a	  AuNP-­‐EEG	  composite.	  d)	  Scanning	  TEM	  image	  of	  a	  AuNP-­‐EEG	  heterostructure.	  
Raman	  spectroscopy	  was	  performed	  on	   the	  produced	  composites	  AuNP-­‐
SC-­‐EEG	  using	  two	  different	   laser	   lines	  (Fig.	  3a).	   In	  the	  case	  of	  the	  638nm	  
laser,	   the	   D	   and	   G	   peaks	   were	   observed	   with	   an	   intensity	   ratio	   of	  
ID/IG=1.23,	   a	   similar	   value	   for	   the	   one	  measured	   using	   the	   532nm	   laser	  
ID/IG=1.26.	   It	   is	   noteworthy	   that	   ID/IG	   is	   higher	   in	   both	   cases	   when	  
compared	  to	   the	  non-­‐functionalized	  graphene,	   leading	  to	  an	   inter-­‐defect	  
distance	  of	  ~2nm.	  
Furthermore,	   peak	   shifts	   were	   observed	   in	   the	   AuNP-­‐SC-­‐EEG	   samples;	  
when	  using	  a	  532nm	   laser,	   the	  D	  peak	  was	   located	  at	  1342.2cm-­‐1,	  while	  
the	  G	  peak	  was	  located	  at	  1586.5cm-­‐1.	  In	  this	  case,	  the	  D	  and	  G	  peaks	  are	  
shifted	  7.39cm-­‐1	  to	  the	   left	  and	  2.58cm-­‐1	  to	  the	  right,	  respectively.	   In	  the	  
case	  of	  a	  638	  nm	  laser,	  the	  D	  and	  G	  peaks	  are	  located	  at	  1333.8	  cm-­‐1	  and	  
1592.9	  cm-­‐1,	  respectively.	  	  
	  
	  
Because	  of	  the	  presence	  of	  SC	  molecules	  and	  AuNP,	  the	  G	  peak	  is	  reduced	  
in	   intensity	  when	   compared	  with	   the	   D	   peak,	   causing	   at	   the	   same	   time	  
bathochromic	   shifts	   of	   3.7cm-­‐1	   and	   4.7cm-­‐1	   for	   the	   D	   and	   G	   peaks,	  
respectively.	  On	  the	  other	  hand,	  measurements	  carried	  out	  with	  a	  532nm	  
laser	  showed	  two	  different	  shifts;	  the	  first	  one	  is	  a	  bathochromic	  shift,	  of	  
7.4cm-­‐1,	   on	   the	   D	   peak,	   with	   respect	   to	   the	   same	   peak	   from	   a	   non-­‐
functionalized	   sample.	   The	   second	  one,	   a	   hypsochromic	   shift,	   of	   2.6cm-­‐1	  
on	   the	   G	   peak,	   when	   compared	   to	   the	   same	   band	   from	   the	   non-­‐
functionalized	  sample.	  The	   red-­‐shifted	  peaks	  can	  be	  associated	   to	   the	  n-­‐
doping	  effect	  induced	  by	  gold	  nanoparticles	  [27-­‐29].	  
Additionally,	   AuNP-­‐SC-­‐EEG	   composites	   were	   characterized	   with	   UV-­‐vis	  
optical	  absorption.	  Figure	  3b	  illustrates	  the	  observed	  and	  expected	  optical	  
absorption	   of	   the	   composites	   prepared	   with	   different	   AuNP	  
concentrations.	  It	  is	  noteworthy	  that	  there	  are	  no	  visible	  peak	  shifts	  in	  the	  
decorated	  samples,	  when	  compared	  to	  the	  as-­‐received	  material	  that	  could	  
be	   associated	   to	   structural	   changes	   in	   the	   nanoparticles.	   The	   UV-­‐vis	  
optical	  absorption	  of	  the	  composites	  (solid	  lines)	  was	  under	  the	  expected	  
values	   (dashed	   lines),	  except	   for	  the	  highest	  concentration	  of	  AuNP.	  This	  
anomalous	  effect	   could	  be	  attributed	   to	   the	   reabsorption	  of	   light	  by	   the	  
AuNP,	   within	   the	   solution	   that	   interferes	   with	   the	   signal	   of	   the	  
fluorescence	  of	  the	  aqueous	  dispersion.	  	  
	  
	  
	  
Fig.3.	  a)	  Raman	  shifts	  AuNp-­‐SC-­‐EEG.	  b)	  UV-­‐vis	  optical	  absorption	  of	  AuNp-­‐SC-­‐EEG	  composites.	  
Color	   gradient	   points	   to	   gradient	   concentrations;	   the	   darker	   shades	   designate	   higher	  
concentrations,	   while	   the	   lighter	   shades	   designate	   lower	   concentrations.	   Solid	   and	   dashed	  
lines	   describe	   observed	   and	   expected	   emission	   for	   each	   respective	   concentration.	   c)	  
Fluorescence	   emission	   of	   AuNp-­‐SC-­‐EEG	   composites.	   d)	   High	   correlation	   between	   the	  
absorbance	  and	  the	  integrated	  fluorescence	  intensity	  (IFI)	  of	  every	  decoration	  carried	  out	  for	  
the	  Ф	  determination.	  
	  
The	  Quantum	  Yield	  (Ф)	  is	  obtained	  by	  extracting	  the	  slope	  from	  the	  linear	  
fit	  of	   the	  absorbance	  vs.	   the	   integrated	   fluorescence	   intensity	   (IFI)	  graph	  
of	  the	  composite	  to	  be	  tested	  [30].	  The	  quantum	  yield	  of	  the	  composite	  is	  
calculated	   using	   a	   reference	   fluorophore	   of	   known	  Ф.	   In	   this	   study,	   the	  
reference	  sample	  was	  Rhodamine	  B	  with	  Ф	  =	  71%	  [31].	  Figure	  3d	  shows	  
the	   lineal	   relation	   between	   both	   optical	   parameters	   from	   which	   the	  
calculated	  quantum	  yield	  is	  40.04%.	  One	  of	  the	  highest	  values	  reported	  so	  
far	   for	   solution	  exfoliated	  graphene	   [13].	   The	  EEG	  process	  preserves	   the	  
high	   electrical	   and	   thermal	   conductivity	   of	   graphene,	   which	   combined	  
	  
1200 1300 1400 1500 1600 1700
G
G
D
	  
	  
In
te
n
si
ty
	  (
a.
u
.)
R aman	  s hift	  (cm-­‐1)
	  A u/S C /E E G 	  638
	  Au/S C /E E G 	  532
D
400 450 500 550 600 650
0,4
0,6
0,8
1,0
1,2
	  
	  
A
b
so
rb
an
ce
Waveleng th	  (nm)
	  E E G 	  -­‐	  Au[0.3]
	  E E G 	  + 	  Au[0.3]
	  E E G 	  -­‐	  Au[0.5]
	  E E G 	  + 	  Au[0.5]
	  E E G 	  -­‐	  Au[0.7]
	  E E G 	  + 	  Au[0.7]
	  E E G 	  -­‐	  Au[0.9]
	  E E G 	  + 	  Au[0.9]
570 573 576 579 582 585 588 591 594
	  
	  
In
te
n
si
ty
	  (
a.
u
.)
Waveleng th	  (nm)
	  E E G 	  -­‐	  A u[0.3]
	  E E G 	  + 	  A u[0.3]
	  E E G 	  -­‐	  A u[0.5]
	  E E G 	  + 	  A u[0.5]
	  E E G 	  -­‐	  A u[0.7]
	  E E G 	  + 	  A u[0.7]
	  E E G 	  -­‐	  A u[0.9]
	  E E G 	  + 	  A u[0.9]
0,0 0,2 0,4 0,6 0,8 1,0 1,2 1,4
0
500
1000
1500
2000
2500
	  
	  
IF
I	  (
a
.u
.)
Abs orbanc e	  
a) b) 
c) d) 
	  
	  
with	  the	  large	  area	  of	  the	  produced	  crystals	   is	  favorable	  for	  fluorescence	  
quenching.	  
	  
4.	  Conclusions	  
High	   surface	   area	   graphene	   sheets	   were	   obtained	   by	   electrochemical	  
exfoliation	  of	  graphite	  in	  acid	  media,	  under	  constant	  potential	  conditions.	  
SEM	  and	  TEM	  images	  revealed	  highly	  exfoliated	  samples	  with	  crystal	  sizes	  
of	   ~5µm.	   Meanwhile,	   FTIR	   and	   XPS	   spectroscopy	   confirmed	   the	   high	  
quality	  of	   the	  exfoliated	  material.	   The	  aim	  of	   the	   study	  was	   to	  decorate	  
the	  EEG	  with	  AuNP,	  using	  SC	  as	  a	  buffer	  layer,	  which	  allows	  a	  non-­‐covalent	  
functionalization	  that	  preserves	  its	  electronic	  structure.	  Fluorescence	  and	  
Raman	  spectroscopy	  combined	  with	  HRTEM	  showed	   that	   the	  decoration	  
was	   successful,	   leading	   to	  a	   calculated	  quantum	  yield	  of	  40.04%.	  One	  of	  
the	   highest	   compared	   to	   previous	   reports	   of	   solution	   processable	  
graphene.	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